OBVIOUSLY one of the most important factors controlling the flora of stored feces is the bacterial picture of the feces before storage. The complexity of this original flora is almost beyond belief. Of the many microbes present only those of interest to pathology or others which may serve as indicators for fecal pollution are at all well known. Omitting frank pathogens from consideration, fresh fecal specimens may contain coliform bacteria, enterococci, classical anaerobes, non-sporing anaerobes, yeasts, spirochetes, staphylococci, lactobacilli, thermophilic bacteria, aerobic sporebearers, Pseudomonas, and reputedly even the " Bacillus P " of Clemesha,1 molds, algae, Proteus, Alcaligenes, and Friedlander's bacillus. The " inapparent " viral content of the bowel can only be guessed at and in its environment bacteriophage activity may be considerable.
Again, it is now well recognized that the flora of the individual differs from time to time even when that individual is in normal health and on a relatively stable diet. Occasionally no coliform bacteria can be detected, and at other times though coliform organisms may *Read before the Laboratory Section of the American Public Health Association at its Sixtysixth Annual Meeting in New York, N. Y., October 6, 1937. be present Bacterium coli in all its varieties may be absent, the only group organisms present being the citrateutilizing Bacterium aerogenes or coliform intermediates (Parr 2, 3, 4; Carpenter and Fulton 5). Bailey 6 has reported a colon carrier of typhoid bacilli yielding practically a pure culture of Eberthella typhi and Sandholzer 7 a case in which the only organisms recovered were Pseudomonas. Parr 8 has recorded one subject in whom only chromogenic colon bacilli were present and another in whom the sole aerobic fecal flora was paracoli. Some years ago Van der Reis9 had a patient with a secondary anemia from whom a practically pure culture of Clostridium tetani was recovered.
Thus we know that fresh fecal specimens may be encountered which can pollute water without detection by the bacteriological methods now in use. Happily such specimens are not common and probably figure very little in sanitary problems involving communities. Nevertheless, even in modem society, many factors still operate for the individual pollution of food and drink and, indeed, in recent years there has been an increase in such opportunities through the rise of a large transient population, improvident and otherwise.
As long as bacteriologists can be [445] satisfied that all outbreaks of gastrointestinal distress, transmitted by water, are caused by well known and clearly recognized pathogenic forms of enteric bacteria one might suppose but little need exists for detailed study of the flora of feces, fresh or stored. Such is not the case. No aspect of bacteriology offers a better field for studies in bacteriological ecology, in the origin and interrelation of bacterial species, and in microbic genetics than does intestinal bacteriology. Sanitarians pose questions of great practical importance regarding indices of pollution, recent pollution, human versus animal pollution, and the like which are still unanswered. There is no bacteriologist who has not been impressed by the fact that within a few hours following the drinking of sewage polluted water illness appears which may or may not later be followed by cases of amebic dysentery or typhoid fever. What bacterial component of the sewage causes the earlier aspects of this well known phenomenon, and how? Again, from time to time, bacteria are reported as causes of disease whose exact nature or place in the intestinal flora is not clearly understood; for example, "B. coli mutabile," slowlactose fermenters, "B. alkalescens," Morgan's bacillus, and paracoli. Finally, sanitary science is increasingly meeting with cases of individual or mass disease, apparently water-borne, for which no etiological agent can be named, and occasionally when the water in question, by present standards, appears to be potable.
In the endeavor to obtain a better understanding of these problems we have been led to consider the part bacteria from stored feces may play. This interest has been accentuated by studies of the 1930 and 1931 records of illness in the Ohio Valley during widespread drouth and by the implications arising from our studies on the normal flora of fresh and stored feces in the human.
That long stored feces will contain bacteria different from those encountered in a study of fresh feces should be evident from an appreciation of the principles of ecology. For fecal specimens, protected during storage from admixture with non-fecal bacteria, the new bacterial picture can be explained on two different grounds.
It is possible that some of the bacteriological changes observed may be due to bacterial variation-the loss of characteristics or the acquisition of new ones apparently giving rise to new organisms. This may be the origin of slow-lactose fermenters, "B. coli mutabile," or even paracoli from Bacteriums coli.
On the other hand most of the evidence suggests that the bacteriological changes observed as fecal specimens are stored are to be explained as successions of forms based on facility of adaptation to the environment presented under conditions of storage. The first real study of the effect of storage on feces was made by Jordan,10 who utilized fecal masses stored in tight containers. Some of the masses were uncovered and others were covered with soil or with sand. Four temperatures were used-body, room, ice box, and -11°C. Jordan found that when feces leave the body there is a short period of multiplication of the bacteria they contain, later followed by a numerical depression. This takes place at all temperatures but is most rapid at the temperature of the body. This was explained on the theory that in the bowel some sort of inhibitive factor operates which is absent from the excreted feces. Jordan did not analyze the bacteria involved in any great detail but he did determine that the multiplication he observed was not that of Bacterium coli but of other bacteria present in the feces. Bacterium coli is Apr., 1938 eventually eliminated from stored feces, most rapidly at body temperature, most slowly at -11°C. At this last temperature Jordan found that coli persisted for 2 or 3 months.
In this paper we shall discuss but two of the bacterial groups important in feces. For more than 4 years we have been studying the normal flora of fresh and of stored feces in the human subject. During this period 235 specimens from 100 persons have been studied in some detail. Thirty-eight of these specimens have been studied stored at 370 C., and more than half have been stored in the cold room with storage studies completed on 68. The feces were stored as heavy saline suspensions. Endo's agar was used for direct plating, the 38 body temperature storage specimens being plated 183 times, and the 68 from the ice box 368 times. With a very few exceptions the 370 C. and ice box storage specimens are duplicates prepared from the original fresh specimen on which study of the flora of fresh feces was made. Enrichment by lactose broth followed by plating was only used where adequate direct plating failed to yield growth.
The 2,595 colonies isolated in these 551 platings were carefully purified and subjected to detailed pure culture study. Results were recorded in terms of coli, coliform intermediates, and aerogenes through utilization of the four tests comprising the " Imvic " reaction,2 namely indol production, methyl-red reaction, Voges-Proskauer reaction, and citrate utilization. A number of other determinations were made for each culture and form a part of the complete record.
We early found that about 9 per cent of all fresh fecal specimens studied to determine their coliform content contained only Bacterium coli in one or more of its fermentative varieties. It is true that the original routine analysis of the fresh specimens revealed about 3 times this number of "coli only" specimens. However, by unusually detailed study of the fresh specimen or by following it carefully through storage, two-thirds of these were found to have originally contained a few citrate-utilizing coliform bacteria which as storage progressed developed at the expense of the coli and dominated the coliform picture after a few weeks of storage.
For the coliform bacteria there are then two pictures to be seen in stored feces. When the original fresh specimens (9 per cent) contain only Bacterium coli, no amount of storage willbring about the presence of any other type of coliform organism. Specimen No. 4 illustrates the point. In ice box storage this specimen yielded coliform bacteria for 359 *days. During this period it was plated on Endo 22 times and 124 colonies were given pure culture study. Each culture was Bacterium coli and even the last isolations appeared on Endo and in culture as " typical" colon bacilli. Similar results were obtained with specimens Nos. 57A, 88, 92, 95, and 118. These 6 specimens were obtained from 5 different subjects. It is thus possible for a stored fecal specimen to yield " typical " Bacterium coli for a very considerable time. It is important to realize that in such specimens Bacterium coli persists despite considerable competition offered by other bacteria present in the specimen which are not coliform, such as enterococci, spirochetes, classical anaerobes, and Bacteroides. Bacterium coli cannot, therefore, be unqualifiedly considered as the indicator of recent fecal pollution.
The more common picture as far as coliform bacteria is concerned is observed when the original fecal specimen contains citrate-utilizing coliform bacteria as well as Bacterium coli. The citrate-utilizers (aerogenes, cloacae, coliform intermediates) multiply in Vol. 28 storage very much more readily than do the coli, and eventually completely replace them. Along with this change we observe an increase in the proportion of strains which ferment lactose slowly or with acid production only, and an increase in gelatin liquefiers. Such specimens will not number 91 per cent for we have found that in any large series of fresh fecal specimens there will be some from which no coliform organisms can be isolated. Thus among 194 such specimens from adults 4 were encountered deriving from 3 persons which failed, even with enrichment, to yield coliform organisms, and there were 7 specimens likewise coliform negative among 41 specimens obtained from normal babies less than 2 weeks old.
Recovery of coliform organisms can be made after long intervals of storage of fecal specimens in the vast majority of instances. Parr 11 has elsewhere discussed the viability of coliform organisms in culture and in other environments. One further illustration will clarify the point and extend his earlier remarks. Specimen No. 3, as a fresh specimen, on direct plating yielded only Bacterium coli (15 colonies studied). Under conditions of storage in the ice box the coli diminished in number and citrate-utilizers appeared ultimately pushing the coli completely out of the picture. When last plated out this specimen still yielded citrateutilizing coliform bacteria after an interval of storage amounting to 3 years, 10 months and 2 days. The period of survival is shortest at 370 C. and longest when the suspension is stored in the cold. Among the coliform types noted in such long stored fecal specimens are some similar to, if not identical with, slow-lactose fermenters, "B. coli mutabile," "B. coli anaerogenes" and even the "B. alkalescens," and paracoli mentioned in some connections as pathogenic.
The second bacterial group to which a short preliminary discussion will be devoted is that which goes for the time under the name " Bacillus P." In India, Clemesha 1 was convinced that it was next to impossible to obtain water for drinking purposes which would meet British standards. He proceeded to work out a method of bacteriological control applicable to the climate and conditions of India. He proceeded on the hypothesis that some strains of coliform bacteria might be more indicative of fresh fecal pollution than others. To find which these were he prepared suspensions of feces which he exposed in shallow dishes to the action of sunlight. Isolations were made at short time intervals. Clemesha found that certain forms could be recovered from fresh feces and for a few hours from the exposed suspensions. These were, however, shortly replaced in the suspensions by other forms, and these in turn by yet others, until at last all lactose fermenting aerobes had disappeared. There then remained Gram-negative, non-sporing aerobes which he called " Bacillus P." Beyond noting their resistance to the action of sunlight under the conditions of his experiment, Clemesha did nothing with these forms save to suggest that they were probably a group of bacteria and not a single species.
In our study of stored fecal specimens we have encountered these organisms. After a few weeks of storage they begin to appear and in most long stored fecal specimens " Bacillus P " occur in large numbers. When plated on Endo they grow as small, colorless colonies. The organisms exhibit a variety of biochemical activity, are in the main motile, and do not produce acid and gas from lactose even after repeated and prolonged incubation. All of the group in colony appearance, and some in culture, resemble paratyphoid, typhoid, and dysentery bacilli 448 Apr., 1938 Vol. 28 P(T T TTTTAN nT' WATER-p 449 and may be mistaken for them. Furthermore, certain of the strains give serological cross-reactions with these known enteric pathogens. Possibly the "Bacillus P " may be involved in gastroenteritis, apparently water-borne, since organisms similar to those we have under study have been reported from such outbreaks.'2 Parr and Caldwell 13 encountered similar organisms in great numbers in water deriving from wells yielding old fecal pollution as shown by chemical tests. Parr 11 again mentions them in a study on the viability of coliform bacteria and elsewhere 3 he states they may occasionally be found in small numbers in fresh feces.
Data are available for 35 strains of the " Bacillus P " which we have isolated from long stored feces stored in the cold and in a few instances from fresh feces. The strains were purified by repeated plating and were then subjected to detailed pure culture study. From 6 strains, examples of different cultural types, antisera have been prepared. Of the 35 strains 11 do not ferment any sugar. Eighteen strains produce acid but no gas in dextrose broth, and of these, 7 also ferment lactose to the same degree, but are not in colony appearance or in other reactions suggestive of "B. coli anaerogenes." Six strains ferment dextrose producing both acid and gas. Two strains produce hydrogen sulphide and 6 liquefy gelatin. Of these last one is a typical Proteus but the other 5 are not. The " Imvic " reaction (vide sufra), which is applied to coliform bacteria divides the 35 strains into 5 groups +,2--, 2 + + -, --+, and -+ +), but these divisions do not correlate with fermentation and other cultural differences. Five of the antisera prepared with these organisms have been tested against 10 appropriate known strains-E. typhi, S. sonnei, S. paradysenteriae, S. paratyphi, S. Schottmuelleri, S. enteritidis, S. cholerae suis, S. aertrycke, Proteus X2, and A. fecalis. No relationship was shown for Sonne's dysentery bacillus but cross-reactions occurred for E. typhi and S. paradysenteriae. Several of the strains suggest Alcaligenes fecalis culturally but the serum with one of them gave only a feeble agglutination reaction with a known Alcaligenes fecalis. Strongest cross-reactions were obtained with the human types of Salmonella against our serum No. 2, prepared with one of the "Bacillus P" organisms culturally resembling paratyphoids. Against a known S. paratyphi this serum effected complete agglutination in a dilution of 1,/320, the titer of the serum with its engendering organism being 1/5120. Such reactions mean no more than some degree of common antigenicity, but are sufficiently suggestive to warrant interest in the " Bacillus P " organisms. The group may have some sanitary significance, particularly under conditions permitting fecal storage in nature. It is possible that " Bacillus P " may be the group involved in the multiplication of bacteria in stored feces indicated by Jordan. Certainly their taxonomic position should be investigated and their relationship to the colon-typhoid groups clarified. CONCLUSIONS Some of the principles and theories underlying the development of a fecal flora in stored feces are discussed. Data derived from a study of 2,595 coliform colonies isolated from platings of stored feces permit a statement of the part played by the genus Bacterium. The " Bacillus P " of Clemesha is discussed and its role in stored feces indicated.
